Among the most widespread forms of anthropogenic modification of the natural 16 landscape is road construction, with vehicle mortality a major issue affecting 17 amphibians, reptiles, mammals and birds. Why some species are more susceptible to 18 vehicle collision than others however is poorly understood. We examine how roadside 19 vegetation patterns, road size, vehicle speed and brain size influence vehicle avoidance 20 behavior using more than 3700 individuals of eleven species of European birds. We find 21 that on larger roads and at higher vehicle speeds birds were more likely to fly away 22 from the road than to cross it. Moreover, species with a larger relative brain size flew 23 away from the road more often than species with a small brain size, something that may 24 in part explain inter-species differences in vehicle collision mortality rates. Our results
To control for shared ancestry of species we used a phylogenetic tree that was 106 constructed using sequence data from 12 mitochondrial genes (Thomas 2008 (Table 1) . However, there was 144 significant variation between species in their vehicle avoidance behavior (weighted Z-145 test: P < 0.0001). For example, whereas Corvus monedula avoided vehicles by flying 146 away from the road in more than 80 % of observations (Table 1) , Larus canus did not 147
show any consistency in flight direction (52 % flying away from the road, Table 1 ). To 148 better understand this interspecies variation in vehicle avoidance behavior we tested 149 whether differences among species were related to characteristics of the road or due to 150 variation in brain size (corrected for body mass). Because a Bayesian phylogenetic 151 model to control for the shared ancestry of species had a higher Deviance Information 152
Criteria (DIC) compared to a model using species as random effect (∆DIC =0.79), we 153 used a logistic regression mixed model with species (instead of phylogeny) as random 154 speed and the species ecology, whereas there was no indication of differences in vehicle 158 avoidance behavior between summer and winter season (Table 2a) . 159
The relationship between the probability that an individual will fly directly away 160 from the road and the relative size of the brain was positive (Table 2b ), indicating that 161 species with a large brain relative to their body size generally avoided vehicles by flying 162 directly away from the road more often compared to species that had a small brain (Fig.  163 1). It should be noted that brain size and body mass are highly correlated in our data 164 both on observed (rp = 0.919, P < 0.001) and on a log-log scale (rp = 0.966, P < 0.001), 165 something which could cause co-linearity problems. To examine this we also analyzed 166 our data using relative brain size (residuals from a log-log regression of brain size on 167 body mass) and again found a positive relationship between probability to fly away 168 from the road and relative brain size (Table S2 ), indicating that the results are not 169 caused by problems with co-linearity. Moreover, there was a significant negative 170 relationship between body mass (controlled for brain size) and escape direction 171 indicating that species with a larger relative body mass crossed the road more 172 frequently compared to species with a small relative body mass. 173
Roadside vegetation pattern also had a significant influence on flight direction 174 (Table 2b) . Although the probability of flying away from the road did not differ between 175 areas which had no or equal vegetation height on both sides of the road or where the 176 vegetation was higher on the side of the road from which the bird left, there was a 177 significant increase in probability of crossing the road if the vegetation was higher on 178 the opposite side to which the bird took off from (Table 2b ). This suggests that at least 25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 significantly larger on highways compared to the other two road types (Table 2b) , 185
indicating that birds perceive the risk associated with crossing the road differently at 186 varying levels of traffic volume or road size. 187
As the speed of the vehicle increased so did the probability of a bird flying away 188 from the road (Table 2b) vegetation patterns can also influence vehicle avoidance behavior as there was a higher 222 probability for a bird to cross the road if the vegetation was higher on the opposite side 223 to which the bird was leaving from (Table 2b ). In contrast, if vegetation was higher on 224 the side of the road where the bird was sitting the bird was more likely to fly away from 225 the road and this was also the case if there was no vegetation or when the vegetation 226 was of equal height on both sides of the road. 227
Not only roadside vegetation patterns altered vehicle avoidance behavior, also 228 the size of the road and hence traffic density were important determinants of flight 229
Page 10 of 37 Behavioral Ecology   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 therefore not surprising, birds were less likely to cross the road at major highways with 234 more traffic compared to smaller roads with less traffic (Table 2b ). The differences in 235 vehicle avoidance behavior between road types could, for example, be a result of 236 habituation to vehicles on highways due to more frequent exposure to vehicles. 237
Another characteristic of the road that we did not examine here but that could 238 also play an important role for the vehicle avoidance behavior of birds is the age of the 239 road because this determines the amount of exposure birds have had with vehicle 240 traffic. As the study on Florida Scrub Jays demonstrates previous exposure to vehicles 241 can impact mortality patterns and it would be interesting to study the role of experience 242 on vehicle avoidance behaviour in more detail. 243
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